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ABSTRACT 


Calculations  have  been  perfonHed  for  the  gaanna^ray*  dose  rate: 

U)  inside  a  uniformly  cantaminated  voltane,  as  in  a  radioactive  cloud 
or  in  contaminated  vaterj  (2)  as  a  function  of  altitude  above  the  center 
of  a  uniformly  contaminated  circular  islandj  and  (3)  as  a  function  of 
altitude  above  uniformly  contaminated  vater# 

calculations  have  been  performed  for  monoenergetic  sources  of 

C*30,  0.60^  1»2|  and  2*5  Mev  and  for  some  experimentally  observed 
fallout  spectra. 


FOREWORD 


This  report  presents  the  results  of  a  special  study  undertaken  in 
connection  with  the  fallout  program  of  Operation  REDWING  to  provide  a 
theoretical  basis  for  analysis  of  the  esqperimental  results  of  Projects 
2,61  through  2,66,  Since  a  field  instrumentation  effort  was  not  in¬ 
volved,  this  report  does  not  carry  a  project  ntunber,  and  will  not  be 
replaced  by  a  WT-series  final  report. 

For  readers  interested  in  other  pertinent  test  information,  refer¬ 
ence  is  made  to  ITR-1344,  Simimary  Report  of  the  Commander,  Task  Unit  3* 
This  summary  report  includes  the  following  information  of  general  inter' 
est:  (l)  an  overall  description  of  each  detonation,  including  yield, 
height  of  burst,  ground  zero  location,  time  of  detonation,  and  ambient 
atmospheric  conditions  at  detonationj  (2)  a  discussion  of  all  project 
resultsj  (3)  a  summary  of  each  project,  including  objecti'ves  and  re- 
sxilts}  and  (4)  a  complete  listing  of  all  reports  covering  the  Military 
Effects  Program, 
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CHAPTER  1 


IWTRCDTJCTION 


There  are  two  basic  tecduilques  for  a  field  det-emdnation  of  the 
distribution  of  radioactive  emitters  in  a  medium:  (1)  securing  saa^jObes 
of  radioactive  mateidal  from  various  portions  of  the  ^nAd^'lTm  and  anar- 
lyzing  these  sampGLes  with  standard  laboratory  counting  eguipnent  and 
(2)  making  a  radiation  survey  near  the  actual  distribution  of  emitters. 
The  first  technique  is  the  more  accurate,  but  it  involves  long  time 
delays  associated  with  careful  collection  of  samples,  transpoitation  to 
a  laboratory,  and  subsequent  standard  geometry  counting.  The  survey 
technique  has  been  applied  extensively  dvulng  tests  of  nuclear  «eapons 
to  the  problem  of  delineating  fallout  areas  on  ;iand  and  determining 
contamination  levels  for  Radiological  Safety  purposes.  It  >ifla  also 
been  applied  to  determine  the  distribution  of  radioactive  material  in 
the  ocean  and  in  the  radioactive  cloud  following  a  nuclear  detonation. 
The  purpose  of  the  calculations  viilch  follow  is  to  establish  the 
relation  between  the  gamma  dose  rate  measured  by  a  survey  reading  at  a 
specified  location  and  "the  density  of  radioactive  emitters  in  the 
asstmsed  distribution.  In  this  presentation  the  dose  rate  will  be  de- 
lined  as  the  radiation  field  measured  in  x/br  -  namely,  the  ionization  ,7^ 
per  unit  volume  of  STP  air.  The  actual  situations  under  \4iidi  such 
ffleastnrements  are  performed  can  be  approximated  by  three  ideal  cases  in 
which  the  d^e  rate  is  taken:  (l)  within  an  infinite  medium  tmifoimly 
populated  with  radioactive  sources j  (2)  above  the  center  of  a  circular 
disk  containing  a  uniform  svrface  distribution  of  sources j  or  (3)  in  a 
semi-infinite  medium  at  various  distances  from  the  Interface  with  the 
c^plementary  semi-infinite  medium,  having  a  different  composition, 

wiich  has  radioactive  sources  unifoimly  distributed  throu^out  its  vol¬ 
ume, 

first  case  corresponds  to  the  measurement  of  the  dose  rate 
Tmthin  a  nuclear  cloud  or  within  water  in  lAiich  radioactive  fallout  has 
been  mixed.  The  second  apjplies  approximately  to  the  problem  of  deter- 
™-Ding  the  contamination  of  the  surface  of  an  island  by  a  measureront 
dose  rate  above  its  center.  The  large  land— source  problem  is 
that  in  viildi  the  radius  of  the  disk  is  allowed  to  become  infinite. 

The  third  case  corresponds  to  the  measurement  of  the  dose  rate  in  the 
sir  above  contaminated  ocean  water. 

The  actual  calculations  are  performed  for  the  following  monoenerget- 
150  kev,  300  kev,  600  kev,  1,2  Mev,  and  2.5  Mev.  The  data 
wilch  may  then  be  used  to  cmpute  the  absorption  relations  for  any  speo- 
trum,  are  applied  to  some  experimentally  observed  fallout  spectra. 
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CHAPTER  2 
BASIC  THEOKI 


2.1  IKTERACTIOKS  CF  GAM4A  RAIS 

Gamme.  rays  of  moderate  energy  interact  \d.th  matter  by  the  follow¬ 
ing  three  laechanisms; 

1.  Hiotoelectric  Ahsotrption.  The  gamma  ray  ejects  an  electron 
from  an  atom,  imparting  its  total  energy  to  the  electron.  The  gamma 
ray  disappears,  and  the  en^gy  is  locally  distributed  by  ionizing  and 
exciting  collisions  of  the  electron. 

2.  Compton  Scattering.  The  gamma  ray  imparts  a  pxirtion  of  its 
energy  to  an  electron  and  a  scattered  gamma  ray  of  lower  energy  travels 
in  a  new  direction.  The  energy  of  the  electron  is  locally  distributed, 
but  the  scattered  gamma  ray  contributes  to  the  resultant  gamma  dosage 
else\^re. 

3.  Pair  Production.  A  hi^-energy  (>1.02  Mev)  gamma  ray  can 
interact  with  an  electric  field  to  produce  an  electron-positron  pair. 

The  gamma  ray  disappears,  and  the  kinetic  energy  of  the  electron  and 
positron  are  locally  distributed.  The  subsequent  annihilation  of  the 
positron  produces  two  gamna  rays  of  0.511-Mev  energy  idiich  travel  in 
opposite  but  arbitrary  directions  and  contribute  to  the  tote,l  gamma 
dosage  elseidiere. 

Each  of  the  aborye  inteiactions  has  a  ce3rtain  probability  /X2, 
/xo)  of  occurring  per  unit  path  length  of  a  gamma  ray  in  a  given  niedLum. 
The  probability  that  any  of  the  interactions  occurs  per  unit  path  length 
is  then^iQ  =fi'y.  +  M2  +  M3  probability  that  the  gamma  ray  has  not 

interacted  in  a  distance  X  =  e 


2.2  CALCTJLATION  CF  DOSE  RATE 

The  dose  rate  at  a  particular  point  in  a  radiation  field  is  defined 
as  the  number  of  ion  pairs  produced  per  unit  volume  of  air  (STP)  located 
at  that  point.  The  number  of  ion  pairs  produced  is  proportional  to  the 
energy  lost  pjer  unit  volume.  Therefore,  if  the  flxrxr-  of  particles  of 


^Defined  as  the  number  of  gammas  per  unit  time  crossing  a  unit  area 
perpendicular  to  their  direction  of  motion. 


energy  Eq  at  the  point  is  and  the  average  fraction  of  the  energy 
lost  per  unit  distance^  is  then  the  dose  rate  (in  r/hr)  is; 


Do  =  C  Eq  ho  Fo 


(2.1) 


Where:  C  =  0.058j  factor  to  convert  from  energy  (Mev)  deposited  per 
unit  volume  (cnr)  per  second  to  roentgens  per  hour. 


2.3  DOSE  BDUDUP 

The  dose  rate  at  a  distance  R  due  to  the  unscattwed  fltsc  from  a 
monoenergetic  point  source  of  radiation  emitting  Aq  ^otons  per  unit 
time  can  be  calculated  to  be; 

(2.2) 

J+nTr 

TT  ' 

However,  the  dose  rate  is  au^nted  by  the  contribution  of  the  scattered 
photons.  The  magnitude  of  this  dose-e?ate  buildup  has  been  cOT^wted  for 
some  special  cases  (Reference  1).  The  buildup  factor  in  air  has  been 
graphed  as  a  function  of  energy  for  various  source  energies  (Reference 
.  For  the  purposes  of  the  numerical  calculatians  involved  in  this 
rep5ort,  principal  1  y  to  avoid  tedious  numerical  integrations,  these 
curves  have  been  approximated  by  cubic  equations; 


®o  =  1  +  ^o  (/^o^)  +  (2.3) 


th 

ot 


Bd 

ed 

e 


(Figure^?!)^^^^  graphed  as  a  function  of  source  energy  Eq 

It  will  be  assumed  that  these  same  coefficients  apply  in  the  case 
of  water,  since  the  density  effect  is  incorporated  into  a  ^  and  the  msan 
atomic  nuniber  is  not  greatly  different  from  that  of  air. 

^“^Soing  buildup  factors  were  calculated  ones  and  include 
contributions  from  the  entire  gamma  spectrum  below  E-,.  However,  actual 
survey  instruments  usually  do  not  detect  radiation  below  a  certain  en¬ 
ergy,  usmlly  60  to  75  kev.  Therefore,  the  fraction  of  the  scattered 
cose  contributed  by  such  low-energy  gammas  was  estimated  using  the 

Reference  1,  and  this  amount  was  subtracted  frcm  the  calco- 
dose  rate.  Effectively,  this  procedure  amounted  to  multiplying 
.  P»  *’o>  ^  do  by  a  factor  less  than  one  representing  the  fraction  of 
e  s^ttered  dose  contributed  by  detectable  gammas. 

During  the  solution  of  Case  3,  it  is  necessary  to  evaluate  the 
ra+^  soautered  flux  penetrating  the  interface,  rather  than  the  dose 
th  curves  presented  in  Reference  1  were  again  used  to  convert 

ne  scattered  dose  rate  to  flux  as  a  function  of  energy.  The  method 

o  +  ^2^2  ^3^3  ^2  ^3  average  fractions  of 

energy  deposited  locally  for  Compton  scattering  and  pair 
production,  respectively. 
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iised  MBS  to  approocimate  the  scattered  spectarua  by  a  sum  of  moaoenergetic 
sources  of  energies  0.15,  0.30,  0,60,  1.2,  and  2.5  Ifev,  vdiere  the  rela^ 
tive  strengths  of  these  sources  vere  determined  by  efvaiuating  areas 
under  the  energy-flux  curves  of  Reference  1.  For  this  purpose  the  var^ 
iation  of  h  with  energy_was  ne^cted,  since  it  does,  in  fact,  deviate 
from  an  average  value,  h,  by  less  than  15  percent. 
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CHAITER  3 


FCSMJIAS 


3.1  DOSE  RATE  IN  AN  INFINITE  MEDIUM 

The  dose  rate  at  P  due  to  a  monoenergetic  volujae  density  of  aotiv- 
ity,  A^oj  is: 


1 

<3I>o  =  Bo(/^)  C  Eq  ho  Ato  sin  9  dBdcf)  dR  e"*'^ 

dose  dose  volume  absorption  solid 

buildup  factors  an^e 


(3.1) 


Inserting  tbe^  assumed  cubic  equation  for  the  btdldup  factor  aai 

integrating  over  an  space  variables,  the  total  dose  rate  is  derived  to 
be: 


Do  =  C  Eq  ho 


Vo 


(1  +  bo  +  2Cq  +  6d^) 


(3.2) 


When  the  sources  emit  a  spectrum  of  gamma  rays,  the  above 
be  integrated  over  the  energy  spectrum. 


dbse  rate  must 


3.2  DOSE  RATE  ABOVE  CEKTER  CF  CIRCDLAR  DISK 


A  point  P  due  to  a  monoenergetic  uniform  surface 

density,  of  isotropic  sources  at  (R,(/>)  is:  ce 


®  W  Vo 


R^d(^  e'"^ 

(hju  .'-f-' 


1 


(3.3) 


I  P 


If  the  sources  of  the  radiation  do  not  emit  isotropicaUy,  the  quantity 

SO 

shouli  be  replaced  the  number  of  photons  emitted  per  unit  time, 
per  unit  surface  area,  per  unit  solid  angle  in  the  particular  direction. 


For  isotropic  eonitters,  the  dose  rate  integrated  over  anfl  up  to 
the  edge  of  a  disk  of  radins  yD  is: 

D^(Z,;))  =  C  iso  Yi{^Z)  -  Tl[ix^s/z^  +  p^)  (3.4) 

2 


Where;  K(X)  ="(5^(-X)  +  e"^  (b^  +  +  2djj)  +  X  (co  +  2do)  +  X^  d^ 

(“^)  “  /  -® _  is  the  usual  exponential  integral, 

X 

For  heists  large  compared  to  the  radius  of  the  source  field 
(Z>>p)j  this  formula  approadies  the  formula  for  a  point  source  having 
the  full  strength  of  the  disk  at  a  distance  Z,  namely: 

^o^'^*p\»p  C  Eq  ho  — e  1  +  bo{/UoZ)  + 

Co(Aic;;)^+do(A^o2)^  (3.5) 

One  interesting  and  useful  result  demonstrated  by  the  above  deriva¬ 
tion  is  related  to  the  fact  that  the  two  K  factors  are  functions  of  the 
slant  range  to  the  near  and  far  points  of  the  contaminated  circle  and 
do  not  depend  on  any  oilier  distance.  In  particular,  a  calculation  of 
the  dose  rate  on  the  surface  at  the  center  of  an  uncontaminated  circle 
of  radius  p  amidst  an  infinite  contaminated  plane  yields  the  same  an¬ 
swer  as  the  dose  rate  at  a  hei^t  p  above  an  infinite  contaminated 
plane,  since  both  are  proportional  to  K  {p^f^ . 

The  foregoing  solution  actually  corresponds  to  a  contaminated  plana 
in  an  infinite  isotropic  modi.um  and  thus  diffeiTS  sli^tly  from  the  ground- 
air  ptroblem  in  \diich  the  medium  does  differ  on  the  two  sides  of  the  plane. 
This  fact  affects  the  dose  rate  in  the  air  throu^  two  mechanisms:  vl) 
the  effective  atomic  number  of  the  ground  is  somewhat  different  from 
that  of  the  airj  therefore,  the  absorption  and  scattering  cross  sections 
are  different  and  (2)  the  scale  of  the  scattered  trajectories  is  fore¬ 
shortened  by  the  greater  density  of  the  soil  and  thus  affects  the  dose 
rate  for  finite-size  source  fields.  Actually  the  error  caused  by  the 
isotropio-medium  assun^jtion  is  probably  less  than  15  percent. 

The  fact  that  the  above  formula  becomes  logarithmically  infinite  as 
the  detector  approaches  the  surface  is  associated  with  the  mathematical 
asstmqrbion  that  the  vertical  dimension  of  the  detector  is  small  con^ared 
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to  its  distance  frm  the  plane j  hence,  a  finite  number  of  sources  are 
at  distance  zero  from  the  detector. 
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3.3  DOSE  RATE  HJ  AIR  ABOVE  CCKTAKINATED  WATER 

stens^®ri?^i°“  Of  the  a^^v^vater  problem  is  performed  in  two 
SnSir,. +2  the  method  of  Section  3.1  is  utilized  to  calculate  the  fltnc 

^  inserted  into  the  dif- 

so^i^  foimula  of  Section  3.2  to  calculate  the  effect  of  the  air  ab- 

sed  solution  the  same  assumption  as  that  discus- 

dose-buildup  characterisS^ 

medium  medim  bounded  by  another  different  semi-infinite 

ther  atomic  numbers  do  not  differ  greatly,  the  ftn^ 

be  *iose-buildup  coefficients  can 

calcSStion  ia^t?  Actolly,  the  quantity  desired  from  the  water 

SSr^SSef  or^  dose 

to^e  dose  rate  must  be  allocated  according 

problem  SSo  +ik®^”“  the  scattered  radiation.  In  the  more-gene^ 

tion  can  be  ren^a  endt  a  spectrum  of  gamma  rays,  this  calcular. 

be  represented  as  a  modification  to  the  primary  energy  spectrum. 


TABIE  3.1  SCATTERED  EKERGY  PLE  FRACTIONS,  s^ 


0.15 

0.3 

0.6 

1.2 

2.5 

SO.75 

/ 

0.15 

0.3 

0.6 

1.2 

2.5 

0.15 

0.55 

0.25 

0.20 

0.20 

0.30 

0.20 

0.25 

0.25 

0.25 

0.85 

0.25 

0.20 

0.10 

0.10 

0,10 

0,15 

0.35 

0.25 

0.05 

among^he^lL?^  ^  ^®d  to  allocate  this  dose  rate 

been  sepL5SlH+n°^  f  en^gies.  The  energy-flux  curves  have 

Er./f  intervals  centered  at  a  series  of  energies  £«,  E^/o 

^  lov/est  interval  bounded  by  75  kev.  For  the  * 

entSe^  *  2  “  vatoe  of  E  =  0.33  I  ICT^l^er  too  ' 

each  of^^-  ^erefore,  the  area  under  the  energy-flux  curves  within 
tered  dose^r^e^^2f  relative  contributions  to  the  scat- 

8ivon  to  laMo  3.1. 

be  sensitiTO^  ^  ignored,  since  Instruments  will  not 


In  the  calcalations,  the  scattered  flux  has  been  reintro¬ 

duced  as  an  effective  uniformly  distributed  additional  source  such  that 
OEQy  the  unscattered  flux  from  the  comqjosite  source  need  be  calculated. 
In  other  words  j  the  flux  at  the  surface  will  be  correctly  evaluated  by 
calculation  of  the  unscattered  radiation  from  the  composite  source  dis¬ 
tribution.  From  formulas  derived  before,  the  additional  source  strength 
at  due  to  a  source  of  strength  at  E^  is; 

AArt  =  =1-^  ^  V'  (3.6) 

%  H-0  h 

The  effective  source  strength  i^rj  at  energy  Ej  can  then  be  calculated 
by  adding  the  real  source,  Aj,  to  an  terms  AAyj  due  to  primary  source 
of  energy  Eq  ^  E:j, 

The  angular  distribution  of  the  scattered  radiation  win  be  assumed 
to  be  the  same  as  that  of  the  unscattered  radiation,  since  this  corres¬ 
ponds  to  isotropy  in  the  upper  hemisjhere. 

Using  the  method  of  Section  3.1,  the  number  of  unscattered  jiaotona 
due  to  a  source  per  unit  time  crossing  a  unit  sttrface  area  at  an 
angle  0  is; 


Aq  (0)  dn  = 


4o 

-  e  cos  9  (3R  dfi 

Utt 


R  =  0 


cos  9  dfl 


(3.7) 


Where;  jj.  =  Interaction  coefficient  of  water 
for  gammas  of  energy  Eq. 

The  facytor  cos  9  arises  from  the  fact  that  a  unit  area  of  the  surface 
projects  onto  an  area  cos  q  perpendicular  to  the  direction  of  fli^t  of 

the  jfaotons.  .... 

As  indicated  in  Section  3.2,  quantity  Ao(0)  is  to  be  inserted  i;^ 
stead  of  -^80  in  the  differential  form  of  the  infinite  plane  formula. 

4v 


^This  expression  must  be  inserted  into  the  differential  formula  because 
the  flngnla-f  dependence  of  the  radiation  coming  throu^  the  surface 
differs  from  the  contaminated  plane  case  by  a  factor  cos  9  . 
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-X 


1  +  X  (cq  +  do)  +  X^  d, 


^  d^e-rate  eocpression  jpst  subsequently  be  summed  a7er  the  effective 
eamressi-ft^^?^  spectrum,  A^,  to  obtain  the  total  dose  rate.  The  above 
^^sion  d^  not  approadx  Infinity  an  the  detector  approaches  the 

distribution  of  sources  pOflcSlnly  an  in¬ 
finitesimal  nw^  of  them  at  distance  zero  from  theXtectw^ 

a  «r.SA7!  ^  sensitive  solid  an^e  less  lhan  27ris  used. 

S  Sf loSoX^eion?'  “““  factor  1. 


Kwf  (/^oZ»a)  =  Ki^  w  -  cos  oc 


(3.9) 


CHAPTER  4 

RESULTS  CF  CALCHLATICETS 


Calculations  have  been  performed  for  monoenergetic  sourc^  of 
0  “^O  0  60  1  2  and  2.5  Me7,  In  addition,  they  have  been  pei^imed  for 

spectra  ipjxLicabD^  to  radioactive 

fSlourSeSfreSSg  from  nuclear  detonations.  The  exposition  of 
SSri  Ara  in  terms  of  the  calculated  energies  is  summarized  in 
Table  4  1.  They  are  applicable  to;  (l)  fissionr-product  acti^ty  from  a 
fis^on'^apon,  (2)  e^ (on^y)  activity  frx  a 
and  (3)  latS  t2-to-7-day)  activity  from  a  thermonuclear  weapon. 

TABLE  4.1  ASSUI'lED  SIECTRA 


E-  (Mev) 


Relative  Hiotocn  Flux 
Percent 


Spectrum  I 


Spectrum  II 


0.\5 

0.3 

0.6 

1.2 

2.5 


15 

20 

45 

15 

5 


Average  Energy  0.66  Merv 


25 

25 

24 

24 

2 


0.59  Mev 


Spectrum  III 

50 

25 

20 

4 

1 


0.34  >10'^ 


Table  A  2  sumnerizes  the  absolute  conversion  factors  deriv^  from 
these  calciO^tions.  The  surface  or  volume  density  of  activity  is  anosen 
to  be  one  curie  per  square  meter  or  cubic  meter,  respectively. 

Figures  4.1  throu#  4.8  present  the  factor  to  covert  a  read^  at 
a  hei^t  Z  abenre  a  finite  contaminated  plane  to 

3  feet  Figures  4.9  and  4.10  present  the  conversion  of  the  3^oot  read 
ing  from  a  finit^plane  source  to  an  infinite-plane  source  having  the 

sane  surface  density  of  activity. 

Figures  4.11  and  4.12  present  the  altitude  conversion  factors  for 

the  ai3>-ovea>-water  case. 
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Figure  4.1  Hei^t  coarsrersion  factors  cror  land,  B©  =  0*15  Mev 
(Numbers  on  curves  refer  to  radius  of  source  circle  in  feet) 
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IS  refer  to  radius  of  source  circle  in  feet) 


it  conversion  factors  over  land*  Eq  —0*6  Mev 
ves  refer  to  radius  of  source  circle  in  feet) 


Figure  4.4  Hei^t  conversion  factors  ov«r  land.  Eq  =  1  2  Mev 
(Numbers  on  curves  refer  to  radius  of  source  circle  in  feet) 
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^0  4* 6  Hei^t  ccax7«reityn  factoro  over  laai.  Spectrum  I 
Numbers  on  curves  refer  to  radius  of  source  circle  In  feoi 


4.7  Hei^t  conversion  factors  over  land.  Spectrum  II, 
>ers  on  curves  refer  to  radius  of  source  circle  in  feet) 
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Factor 

Figure  4,11  Hei^t  ccaiversicm  factors  over  water  -  mwioenorgetic  scrarces 


CHAPTER  5 
DISCUSSIOT 


The  purpose  of  this  report  is  to  prcyride  a  calculational  background 
for  the  gajninar-atteiiuatiaxi  problem.  The  calculations  represent  approom- 
BBte  solutions  to  certain  idealized  problems  liaich  may  or  may  not  apply 
to  practical  field  conditions.  For  eooample,  the  distribution  of  radio¬ 
active  material  on  land  may  appear  some^diat  as  a  plane  distribution, 
but  it  is  probably  modified  by  irregularities  in  the  surface  and  leach¬ 
ing  into  the  soil.  Only  accurate  ecxperimental  measurements  can  estab¬ 
lish  the  iD5)ortance  of  such  effects  aaad,  hence,  introduce  modifications 
to  the  calculations. 

The  numerical  calculations  have  been  performed  with  a  desk  calcur 
lator  and  were  appropriately  simplified.  The  gross  division  of  the 
energy  spectrum  could  easily  be  refined  by  the  use  of  more-elaborate 
computational  equipment.  The  tise  of  cubic  equations  to  apprcodmate  the 
buildup  curves  could  also  be  eliminated  by  the  use  of  hi^-speed  com¬ 
puters.  However,  in  view  of  the  lack  of  sensitivity  of  the  results  to 
the  energy  spectirum  the  uncertainty  in  the  correlation  to  practical 
situations,  the  curves  presented  in  this  report  are  probably  sufficient¬ 
ly  accurate. 
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Comnandlng  Officer  and  Director,  U.S.  Navy  Electronics 
laboratory,  San  Diego  52,  Calif. 

Commanding  Officer,  U.S.  Naval  Radiological  Defense 
laboratory,  San  Francisco  24,  Calif.  ATTN:  Technical 
Information  Division 

Commanding  Officer  and  Director,  David  W.  Taylor  Modal 
Basin,  Washington  7,  D.C.  ATTN:  Library 
Commander,  U.S.  Naval  Air  Development  Center,  Johns - 
vlUe,  Pa. 

Commanding  Officer,  Clothing  Supply  Office,  Code  ID-O, 
3rd  Avenue  and  29th  St.,  Brooklyn,  N.Y. 

Commandant,  U.S.  Coast  Guard,  I3OO  S.  St.  N.W.,  Wash¬ 
ington  25,  D.C.  ATTN:  Capt.  J.  R.,  Stewart 
Technical  Information  Service  Extension,  Oak  Ridge, 
Tenn.  (Surplus) 
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166-168 

169-170 
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172-173 
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177 
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185 

186 
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189-194 

195-196 


AIR  FORCE  ACTIVITIES 


197-201 


Asst,  for  Atomic  Energy,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.C.  ATTN:  DCS/o 

Director  of  Operations,  Headquarters,  USAF,  Washington 
25,  D.C.  ATTN;  Operations  Analysis 
Director  of  Plana,  Headquarters,  USAF,  Washington  25, 
D.C.  ATTN;  War  Plans  Dlv. 

Director  of  Research  and  Development,  Headquarters, 
USAF,  Washington  25,  D.C.  ATTN:  Combat  Components 
Dlv. 

Director  of  Intelligence,  Headquarters,  USAF,  Washing¬ 
ton  25,  D.C.  ATTN:  AF0IN-IB2 
The  Sxirgeon  General,  Headquarters,  USAF,  Washington  25, 
D.C.  ATTN:  Bio.  Def.  Br.,  Pre .  Med.  Dlv. 

Deputy  Chief  of  Staff,  Intelligence,  Headquarters,  U.S. 
Air  Forces  Europe,  APO  633,  New  York,  N.Y.  ATTN: 
Directorate  of  Air  Targets 
Commander,  497th  Reconnaissance  Technical  Squadron 
(Augmented),  APO  633,  New  York,  N.Y. 

Commander,  Far  East  Air  Forces,  APO  925,  San  Francisco, 
Calif. 

Comznander-ln-Chlef ,  Strategic  Air  Command,  Offutt  Air 
Force  Base,  Omaha,  Nebraska.  ATTTJ:  Special  Weapons 
Branch,  Inspector  Dlv.,  Inspect or  General 
Commander,  Tactical  Air  Command,  Langley  AF3,  Va. 

ATTN:  Documents  Security  Branch 
Commander,  Air  Defense  Command,  Ent  AF3,  Colo. 

Research  Directorate,  Hdqs .  Air  Force  Special 
Weapons  Center,  Kirtland  Air  Force  Base,  Nev 
Mexico.  ATTN:  Blast  Effects  Research 


202-208 


209-211 

212-213 

214-218 

219-221 

222 

223-264 


265 
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Assistant  Chief  of  Staff,  Installations,  Headquarters, 
USAF,  Washington  25,  D.C,  ATTN:  AFCIS-E 
Commander,  Air  Research  and  Development  Command,  PO 
Box  1395,  Baltimore,  Md.  ATTN:  RDDN 
Commander,  Air  Proving  Ground  Command,  Sglin  AFB,  Fla. 

ATTN;  Adj./Tech.  Report  Branch 
Director,  Air  University  Library,  Maxwell  AFB,  Ala. 
Commander,  Flying  Training  Air  Force,  Waco,  Tex. 

ATTN;  Director  of  Observer  Training 
Commander,  Crew  Training  Air  Force,  Randolph  Field, 
Tex.  ATTN:  2GTS,  DCS/o 

Commandant,  Air  Force  School  of  Aviation  Medicine, 
Randolph  AFB,  Tex, 

Commander,  Wright  Air  Development  Center,  Wright- 
Patterson  AFB,  Dayton,  0.  ATTN;  WCOSI 
Commander,  Air  Force  Cambridge  Research  Center,  ID 
Hans com  Field,  Bedford,  Mass.  ATTN:  CRQST-2 
Commander,  Air  Force  Special  Weapons  Center,  Klrtland 
AFB,  N.  Mex.  ATTN:  Library 
Commander,  Lowry  AFB,  Denver,  Colo.  ATTN:  Department 
of.  Armament  Training 

Commander,  1009th  Special  Weapons  Squadron,  Head¬ 
quarters,  USAF,  Washington  25,  D.C. 

The  RAND  Corporation,  I7OO  Main  Street,  Santa  Monica, 
Calif,  ATTN:  Nuclear  Energy  Division 
Commander,  Second  Air  Force,  Barksdale  AFB,  Louisiana. 

ATTN;  Operations  Analysis  Office 
Commander,  Eighth  Air  Force,  Westover  AFB,  Mass.  ATTN: 

Operations  Analysis  Office 
Commander,  Fifteenth  Air  Force,  March  AFB,  Calif. 

A^TN:  Operations  Analysis  Office 
Commander,  Western  Development  Dlv.  (ARDC),  PO  Box 
262,  Inglewood,  Calif.  atTN:  WE6IT,  Mr.  R.  G.  Waltz 
Technical  Information  Service  Extension,  Oak  Ridge, 
Tenn.  (Surplus) 


OTHER  DEPARTMENT  OF  DEFENSE  ACTIVITIES 

Asst.  Secretary  of  Defense,  Research  and  Development, 
d/d,  Washington  25,  D.C,  ATTN:  Tech.  Library 
U.S.  Documents  Officer,  Office  of  the  U.S.  National 
Military  Representative,  SHAPE,  APO  55,  New  York, 

N.Y. 

Director,  Weapons  Systems  Evaluation  Group,  OSD,  Rm 
2E1006,-  Pentagon,  Washington  25,  D.C. 

Commandant,  Armad  Forces  Staff  College,  Norfolk  11, 

Va.  ATTN;  Secretary 

Commanding  General,  Field  Command,  Armed  Forces  Spe¬ 
cial  Weapons  Project,  PO  Box  5IOO,  Albuquerque,  N. 

Mex. 

Commanding  General,  Field  Command,  Armed  Forces,  Special 
Weapons  Project,  PO  Box  5100,  Albuquerque,  N.  Mex. 
ATTN:  Technical  Training  Group 
Chief,  Armed  Forces  Special  Weapons  Project,  Washington 
25>  D.C,  ATTN:  Documents  Library  Branch 
Technical  Information  Service  Extension,  Oak  Ridge, 

Tenn.  (Surplus) 


ATOMIC  ENERGY  COMMISSION  ACTIVITIES 

U.S.  Atomic  Energy  Commission,  Classified  Technical 
Library,  I90I  Constitution  Ave.,  Washington  25,  D.C. 
ATTN;  Mrs.  J.  M.  O'Leary  (For  Ki/V) 

Los  Alamos  Scientific  Laboratory,  Report  Library,  PO 
Box  1663,  Los  Alamos,  N.  Mex.  ATTN:  Helen  Redm^ 
Sandla  Corporation,  Classified  Document  Division, 
Sandla  Base,  Albuquerque,  N.  Mex.  ATTN;  Martin 
Lucero 

University  of  California  Radiation  Laboratory,  PO  Box 
608,  Livermore,  Calif.  ATTN:  Margaret  Edlund 
Weapon  Data  Section,  Technical  Information  Service 
Extension,  Oak  Ridge,  Term. 

Technical  Information  Service  Extension,  Oak  Ridge, 
Tenn.  (Surplus) 


ADDITIONAL  DISTRIBUTION 


Commander,  1352  Motion  Picture  Squadron,  Lookout 
Mountain  Laboratory,  8935  Wonderland  Ave.,  Los 
Angeles  46,  Calif. 


AEG,  Oak  Ridge,  Tenn. 


